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ABSTRACT
Background: A critical point in craniotomy is during opening of the dura and
he subsequent potential for cerebral edema. Use of desflurane in neurosurgery may
e beneficial because it facilitates early postoperative neurologic evaluation; however,
ata on the effect of desflurane on intracranial pressure in humans are limited.
soflurane has been used extensively in neurosurgical patients.
Objective: This study compared 1 minimum alveolar concentration (MAC)
desflurane with 1 MAC isoflurane in facilitating hemodynamic stability, brain relax-
ation, and postoperative recovery characteristics in patients who underwent craniot-
omy for supratentorial lesions.
Methods: A total of 70 patients (aged 18–65 years), with American Society
of Anesthesiologists (ASA) 1 or 2 physical status, who underwent craniotomy for
supratentorial lesions, were enrolled in the study. For induction of anesthesia,
fentanyl (2 g/kg IV) and propofol (2 mg/kg IV) were administered. Endotra-
heal intubation was performed after administration of vecuronium (0.1 mg/kg
V) for total muscle relaxation. Before insertion of the skull pins, additional
entanyl (2 g/kg IV) was administered. Patients were randomly allocated to 1 of
anesthetic regimens. For maintenance of anesthesia, 35 patients received 1 MAC
f desflurane (group 1) and 35 patients received 1 MAC of isoflurane (group 2)
ithin 50% oxygen in nitrous oxide. Intraoperatively, heart rate (HR) and mean
rterial pressure (MAP) were measured and recorded before induction and 1
inute after induction, after endotracheal intubation, before skull pin insertion
nd 1 minute after skull pin insertion, before incision and 1 minute after incision,
nd before extubation and 1 minute after extubation. Also, HR and MAP were
ecorded at 30-minute intervals. Postoperatively, extubation time, eye opening
ime to verbal stimuli, orientation time, and time to reach an Aldrete postanes-
hetic recovery score of 8 were recorded. In addition, opioid consumption was
alculated and recorded. Brain relaxation was evaluated according to a 4-step
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Current Therapeutic Researchbrain relaxation scoring scale. All outcomes of the study were assessed and
recorded by an anesthesiologist blinded to the volatile anesthetic gases studied.
Results: No significant difference in HR was observed between the 2 groups.
Intraoperative MAP values in group 1 were higher than in group 2 (P  0.05). No
significant difference was found between these groups in brain relaxation and opioid
consumption. Extubation time, eye opening time to verbal stimuli, and time to reach
an Aldrete score of 8 were found to be significantly shorter in patients in group 1
compared with patients in group 2 (P  0.05).
Conclusions: In patients who underwent craniotomy for supratentorial
lesions, patients who received 1 MAC desflurane–based anesthesia had earlier
postoperative cognitive recovery and postoperative neurologic examination com-
pared with patients who received 1 MAC isoflurane–based anesthesia. The ob-
served benefits of early recovery from anesthesia, however, should be considered
with risks such as higher MAP in patients administered 1 MAC desflurane. (Curr
Ther Res Clin Exp. 2011;72:49-59) © 2011 Elsevier HS Journals, Inc. All rights
reserved.
Key words: desflurane, hemodynamic stability, isoflurane, neuroanesthesia,
ostoperative recovery.
INTRODUCTION
Anesthetic agents administered for brain surgery should provide intraoperative
and postoperative hemodynamic stability and have a minimal effect on intracra-
nial pressure (ICP) and brain swelling.1,2 Important complications after intracra-
nial surgery are the development of intracranial hematoma and major cerebral
edema. Both complications may result in cerebral hypoperfusion and brain injury.
Also, hypoxia and hypotension may exacerbate neuronal injury in hypoperfused
areas of the brain. Thus, anesthetic care of a neurosurgical patient must include
maintenance of stable cardiovascular parameters.3 Moreover, early neurologic
examination should be carried out as permitted by fast and expectant recovery
from anesthesia, which will allow for immediate postoperative assessment and the
detection of any deterioration in neurologic condition.2,4 –6 Isoflurane is the most
ommon volatile anesthetic agent in neuroanesthesia because it has a minimal
ffect on cerebral blood flow (CBF) and ICP.6,7 Desflurane is a volatile anesthetic
with low blood solubility that allows for early recovery after anesthesia. Its use in
neurosurgery may be attractive because it facilitates early postoperative neuro-
logic patient evaluation.8 Furthermore, many studies report that recovery from
anesthesia occurs more quickly in patients administered desflurane than in
patients administered isoflurane.6,7,9
This study compared 1 minimum alveolar concentration (MAC) desflurane and 1
MAC isoflurane as related to hemodynamic stability, brain relaxation, and character-
istics of postoperative recovery in patients who underwent craniotomy for supraten-
torial tumors or aneurysms.
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After obtaining approval from the Erciyes University Medical Faculty, Kayseri,
Turkey, investigation committee and written informed patient consent, we studied
70 patients scheduled to undergo supratentorial tumor or aneurysm surgery in a
randomized, prospective blinded study (Table I). To be included in the study,
consenting patients had to be 18 to 65 years of age, have American Society of
Anesthesiologists (ASA) physical status 1 or 2, and be in need of surgery for
supratentorial tumor or aneurysm. Exclusion criteria were history of hemodynamic
instability, serious cardiovascular or respiratory disease, or obesity (body mass index
35 kg/m2); hypersensitivity to drugs used; opioid, benzodiazepine, or tricyclic
antidepressant use within 24 hours before surgery; drug or alcohol addiction; and
pregnant or lactating women. None of the patients recruited were excluded from the
study because of these criteria.
Patients were randomly and consecutively assigned to 1 of 2 study groups in a 1:1
ratio: group 1 (isoflurane group; n  35) or group 2 (desflurane group, n  35). The
allocation sequence remained concealed for all investigators, patients, and nursing
staff throughout the study. Patients in study groups received the volatile agent at a
concentration of 1 MAC. The MAC of the isoflurane was defined as an expired fraction
of 1.2 vol%; the MAC of desflurane was defined as an expired fraction of 6.0 vol%.
All patients underwent standard monitoring (electrocardiography, noninvasive
blood pressure monitoring, peripheral oxygen saturation, and end-tidal carbon diox-
ide measurement) in the operating room using Datex-Engstrom AS/3 equipment
(Helsinki, Finland), and 0.9% sodium chloride infusion was started through 2
intravenous lines over 18-gauge catheters in suitable veins in the antecubital area.
None of the patients received premedication. Heart rate (HR) and mean arterial
pressures (MAP) were measured and recorded before induction and 1 minute after
induction, after endotracheal intubation, before the skull pin insertion and 1 minute
Table I. Demographic characteristics of the study groups.
DES Group,
mean (SD)
ISO Group,
mean (SD) P
ASA 1/2 26/9 24/11 0.597
Age, y 45.8 (11.1) 41.3 (14.1) 0.686
Weight, kg 83.1 (24.9) 73.0 (22.4) 0.629
Gender (male/female) 17/18 19/16 0.438
Height, cm 167.0 (7.2) 162.0 (21.7) 0.724
Duration of anesthesia, min 230.2 (65.9) 249.8 (62.8) 0.728
Duration of surgery, min 211.0 (60.9) 224.5 (63.7) 0.804
Types of surgery, tumor (n)/
aneurysm (n)
20/15 22/13 0.626
ASA  American Society of Anesthesiologists; DES  desflurane; ISO  isoflurane.after the skull pin insertion, before incision and 1 minute after incision, and before
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Current Therapeutic Researchextubation and 1 minute after extubation. Also, HR and MAP were recorded
at 30-minute intervals intraoperatively. Anesthesia was induced with fentanyl
(2 g/kg IV) and propofol (2 mg/kg IV). Vecuronium (0.1 mg/kg IV) was
administered to achieve muscle relaxation. After orotracheal intubation, anesthe-
sia was maintained with desflurane in group 1 (1 MAC desflurane) or with
isoflurane in group 2 (1 MAC isoflurane) in 50% oxygen in nitrous oxide. Before
the skull pin was applied, patients were treated with additional fentanyl (2 g/kg
IV). All patients were ventilated mechanically to maintain an end-tidal carbon
dioxide concentration between 25 and 30 mm Hg. All operations were completed
with patients in the supine position.
HR and MAP at a 20% increase during surgery was considered an inadequate
depth of anesthesia, and an additional administration of fentanyl (1–2 g/kg IV) and
ncrease of anesthetic gas concentration was planned. Additional fentanyl need was
dministered and recorded by an anesthesiologist who did not assess patients for
ostoperative recovery functions. When HR decreased to 50 beats/min for 1
inute and MAP decreased to60 mm Hg, IV atropine administration (0.01 mg/kg
olus dose), decrease in anesthetic gas concentration, and ephedrine administration
10 mg), respectively, were planned.
As the dura matter was opened, a surgeon not performing the operation and
linded to the use of volatile anesthetic, evaluated brain relaxation using a 4-step
rain relaxation scoring scale. This scale was used by Todd et al,10 who compared 3
anesthetic techniques (propofol  fentanyl, isoflurane  nitrous oxide, and fentanyl
 nitrous oxide) in 121 adults who underwent elective surgical removal of a
supratentorial, intracranial mass lesion. In their study, the condition of the brain was
assessed according to a 4-step brain relaxation scoring scale (Table II), which was
found to indicate a correlation between the measured ICP and swelling score. Patients
with a brain relaxation score of 3 or 4 were scheduled for treatment with mannitol
(0.5 g/kg) and/or furosemide (0.5 mg/kg).
After surgery, inhaled agents were stopped and residual neuromuscular block was
reversed using IV atropine (1 mg) and IV neostigmine (2.5 mg) after spontaneous
breathing or muscle movements. Extubation was performed after adequate breathing
was ensured. After the cessation of anesthetic agents, a timer was started and
extubation time, time to eye opening to verbal stimuli, orientation time, and time to
Table II. Brain relaxation scoring scale.
Score Brain Relaxation Evaluation
1 Excellent, no swelling
2 Minimal swelling but acceptable
3 Serious swelling but no specific change in management required
4 Severe brain swelling requiring some intervention
Table created from previously published data.10reach an Aldrete postanesthetic recovery score of 8 (as described by Aldrete and
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anesthetic gases studied. In addition, opioid consumption (total fentanyl dose [mi-
crograms]) was recorded by the anesthesiologist who performed the anesthesia in-
duction and endotracheal intubation and who used the volatile agent for the main-
tenance of anesthesia. This anesthesiologist did not assess the patients for
postoperative recovery and was not included in the study, and thus, was blinded to
the study drug used for anesthesia.
The primary objective of the study was to determine and compare time to achieve an
Aldrete postanesthetic recovery score of 8 in patients who underwent craniotomy for
supratentorial lesions after administration of desflurane or isoflurane (1 MAC) anesthesia.
The primary outcome variable was the difference in the postanesthetic recovery times after
surgery. Secondary measures evaluated and assessed during surgery included HR, MAP,
and brain relaxation. Secondary measures assessed after surgery included extubation time,
eye opening time to verbal stimuli time, and orientation time.
Statistical Analysis
Statistical analyses were made with SPSS for Windows software, release 11.5.1
(SPSS Inc, Chicago, Illinois). Sample size calculation was on the basis of previous
experience; we determined that 35 patients would be required for each group to
detect a 20% difference in the postoperative recovery times (using  and  values of
.05 and 0.2). Data are expressed as mean (SD). Correlation of results to normal
ariability was evaluated by Kolmogorov-Smirnov test. Statistical analysis was per-
ormed using t test for parametric data between groups, by variance analysis and post
oc Tukey honestly significant difference test for repeating measurements in the same
roup. The analysis of nonparametric data was performed using Fisher exact test and
2test. Statistical significance was considered P  0.05.
RESULTS
Demographic characteristics of the patients are summarized in Table I. There were
no significant differences between the groups in ASA physical status, age, weight, sex,
height, duration of anesthesia, duration of surgery, or type of surgery (tumor or
aneurysm). MAP values in group 1 were significantly higher than those is group 2 at
30-, 60-, 90-, 120-, 150-, 180-, 210-, and 240-minute intervals (P  0.001)
(Figure 1). There were no significant differences between groups 1 and 2 in HR
values measured at all time intervals (Figure 2).
There were no statistically significant differences in the incidence of brain relax-
ation scores between patients who received 1 MAC of desflurane and those who
received 1 MAC of isoflurane (Table III). Severe brain swelling that typically requires
intervention did not occur in any patient in either group. Patients in group 1 (429.0
[318.2] g) and group 2 (412.1 [160.2] g) received fentanyl in equal amounts
(P  NS) (Table IV).
Extubation times, orientation times, and times to eye opening to verbal stimuli were
shorter in patients in group 1 than those in group 2 (extubation time, 1.98 [1.11] vs 5.37
[3.31] min, P  0.001; orientation times, 7.23 [4.09] vs 11.62 [4.25] min, P  0.001;
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Current Therapeutic Researchtime to eye opening to verbal stimuli, 4.30 [2.31] vs 8.52 [3.77] min, P  0.001).
Patients in group 1 also took less time to reach an Aldrete score of 8 than did those in
group 2 (9.58 [6.13] vs 13.86 [4.45] min; P  0.003) (Table IV).
Figure 1. Mean arterial pressure (MAP) values for the groups. Time intervals: before induction
(1), 1 minute after induction (2), after endotracheal intubation (3), before skull pin
insertion (4), 1 minute after skull pin insertion (5), before incision (6), 1 minute
after incision (7), 30 minutes (8), 60 minutes (9), 90 minutes (10), 120 minutes
(11), 150 minutes (12), 180 minutes (13), 210 minutes (14), 240 minutes (15),
before extubation (16), 1 minute after extubation (17). *P< 0.05, compared with
group 1 (Group DES). DES  desflurane; ISO  isoflurane.
Figure 2. Heart rate values for the groups. Time intervals: before induction (1), 1 minute after
induction (2), after endotracheal intubation (3), before skull pin insertion (4), 1
minute after skull pin insertion (5), before incision (6), 1 minute after incision (7),
30 minutes (8), 60 minutes (9), 90 minutes (10), 120 minutes (11), 150 minutes
(12), 180 minutes (13), 210 minutes (14), 240 minutes (15), before extubation
(16), 1 minute after extubation (17). DES  desflurane; ISO  isoflurane.
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(1–2 g/kg IV) because of a 20% increase in HR and/or MAP values. There was no
statistical difference in patient numbers with the 20% increase in HR and/or MAP
between the 2 groups. None of the patients in either group had bradycardia or
hypotension requiring appropriate treatment.
DISCUSSION
In this study comparing desflurane and isoflurane to facilitate hemodynamic stability
and recovery in patients undergoing craniotomy for supratentorial lesions, no signif-
icant difference was observed in brain relaxation scores between the 2 agents. It was
observed that both agents provided satisfactory hemodynamic stability through all
steps of anesthesia from induction to recovery. Patients in the desflurane group had
higher intraoperative MAP compared with those in the isoflurane group; however, no
treatment was required. Recovery from anesthesia occurred 4 to 5 minutes sooner in
the desflurane group than in the isoflurane group.
Isoflurane has been preferred to other inhalation agents in neuroanesthesia owing
to its superiorities in maintaining stability of cerebral perfusion and ICP and better
preserving cerebral metabolism.4,6,12 Desflurane is preferred over other anesthetics
ecause of rapid and more comfortable recovery due to its low blood/gas partition
oefficient.6,8,13 Desflurane could also be superior to other volatile anesthetics in
Table III. Brain relaxation scores of patients in group 1 (desflurane
group) and group 2 (isoflurane).
Score Desflurane, n Isoflurane, n P
1 14 18 0.337
2 13 10 0.445
3 8 7 0.771
4 0 0 1.000
Table IV. Postoperative recovery criteria and opioid consumption in the study groups.
DES Group,
mean (SD)
ISO Group,
mean (SD) P
Extubation time, min* 1.98 (1.11) 5.37 (3.31) 0.001
Eye opening time to verbal stimuli, min* 4.30 (2.31) 8.52 (3.77) 0.001
Orientation time, min* 7.23 (4.09) 11.62 (4.25) 0.001
Time to Aldrete postanesthetic recovery
score 8, min*
9.58 (6.13) 13.86 (4.45) 0.003
Opioid consumption (fentanyl), g 429.0 (318.2) 412.1 (160.2) 0.938After the cessation of anesthetic agents.
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Current Therapeutic Researchneuroanesthesia because it facilitates earlier neurologic examination.8 Nevertheless,
the use of desflurane in neuroanesthesia is still debated because of contradictory
reports of its effects on ICP and CBF.14 Although there are investigators who find that
esflurane increases ICP and cerebral perfusion pressure,15 others indicate that these
ffects are observed only in concentrations of 1 MAC,16 and the effects are also
imilar to those from isoflurane.12,14
Volatile anesthetic concentration is important for brain relaxation.7 Turner and
olleagues17 studied 32 patients who underwent elective craniotomy for resection of
upratentorial mass lesions and reported that they observed more brain swelling in
atients administered 1 MAC isoflurane (4 of 10 patients [40%]) or desflurane (5 of
0 patients [50%]) compared with the patients administered 0.5 MAC desflurane (1
f 6 patients [17%]) or isoflurane (0 of 6 patients [0%]). Muzi et al18 reported that
in 20 hypocapnic neurosurgical patients with supratentorial mass lesions, the admin-
istration of 1 MAC desflurane resulted in an increase in cerebrospinal fluid (CSF)
pressure. The authors also reported that this was in contrast to 1 MAC isoflurane,
which did not produce an increase in CSF pressure. The same authors reported in
another recent study19 that in 14 patients with supratentorial mass lesions, 0.5 MAC
soflurane (0.6%) and 0.5 MAC desflurane (3.5%) in 50% nitrous oxide in oxygen
ith prior establishment of hypocapnia did not affect CSF pressure. Talke et al4
studied 30 patients who underwent transsphenoidal hypophysectomy with no evi-
dence of mass effect and stated that desflurane and isoflurane, at 0.5 and 1.0 MAC,
respectively, increased lumbar CSF pressure. Kaye et al6 reported in their study, in
which desflurane and isoflurane at 1.2 MAC concentrations were used, that there was
no significant difference in CSF pressure between the 2 agents. However, it is
noteworthy that the researchers16–18 who reported the disturbance of cerebral auto-
regulation of desflurane in 1 MAC concentrations did not include opioids in their
study protocol, whereas other researchers4,6,14 combined volatile agents with fentanyl.
oreover, Ornestein et al5 reported that the influence of 1 and 1.5 MAC desflurane
n CSF pressure without opioid combination was similar to that with isoflurane. In
he present study, we used both agents at a 1 MAC concentration combined with
fentanyl and did not observe any difference in brain relaxation. Recent research-
ers4,6,18 reported on ICP increase depending on the measurement of lumbar CSF
pressure. To avoid complications in this study, we did not perform lumbar catheter-
ization to measure CSF pressure and, instead, evaluated brain relaxation using the
4-step scoring scale.
The preservation of hemodynamic stability in supratentorial craniotomies is crucial
for postoperative mortality and morbidity. Autoregulation of CBF refers to the
intrinsic control over vascular tone in the cerebral blood vessels as the body maintains
relatively constant blood flow to the brain despite variance in the systemic MAP
across the range of 50 to 150 mm Hg. In this range, CBF is held constant in the
presence of changing cerebral perfusion pressure. The importance of autoregulation of
CBF lies in its relationship to ICP. If CBF increases, the cerebral blood volume
increases along with the ICP. Conversely, a reduction in CBF may produce a
therapeutic decrease in the cerebral blood volume and ICP.20
56
db
K. Yildiz et al.Strebel et al15 studied 42 patients and reported that at 1.5 MAC, isoflurane and
esflurane impaired autoregulation. However, Ornstein et al5 reported that isoflurane
and desflurane had the same influence on hemodynamic stability and CBF. Kaye et al6
and Fraga et al,14 in their studies in which isoflurane and desflurane at 1.2 MAC
concentrations were administered, observed similar HR and MAP values in both
groups. Gunduz et al7 studied 60 patients who underwent intracranial surgery for
vascular or space-occupying lesions and reported that lower concentrations of desflu-
rane combined with remifentanil or fentanyl provided a good control of blood
pressure intraoperatively. In the present study, although there was no difference in
HR and opioid analgesic consumption, intraoperative MAP was higher in the
desflurane group compared with the isoflurane group. This increase in MAP was
within acceptable limits, and no treatment was indicated. We can assume that the
increase of MAP in the desflurane group was due to the cardiovascular stimulation
caused by the desflurane.
Recovery from general anesthesia is a period of intense stress for patients. Stressful
events increase CBF and cerebral oxygen consumption, potentially producing eleva-
tion of ICP, thus, favoring cerebral insults. The rationale for a “rapid awakening
strategy” after craniotomy with general anesthesia is that an early diagnosis of
postoperative neurologic complications is essential to limit potentially devastating
consequences and improve patient outcome. A trial of early recovery may always be
attempted to perform a neurologic evaluation. An awake patient allows for the best
and least expensive neuromonitoring.21
In supratentorial craniotomy, early neurologic examination is important, as is
maintaining hemodynamic stability and preventing brain swelling to evaluate sur-
gical outcomes and to guide postoperative treatment.7 In their comment on the study
y Kaye et al,6 Contreras and Cunningham,22 claim that early recovery from anes-
thesia may have adverse effects, such as an increase in intracranial pressure and
hemodynamic instability, as well as beneficial effects. Some investigators suggest that
the choice of early neurologic examination should be determined only after a serious
consideration of risk of an increase in ICP as well as hemodynamic instability. In this
study, extubation time, time to eye opening to verbal stimuli, orientation time, and
time to reach an Aldrete score of 8 were found to be shorter in patients who were
administered desflurane than in patients who were administered isoflurane. We can
speculate that desflurane in 1 MAC concentration could be used as an alternative to
isoflurane in supratentorial craniotomy because of its contribution for early neurologic
examination depending on early recovery without jeopardizing brain relaxation.
We included 50% nitrous oxide as part of our baseline anesthetic to reflect our
usual clinical practice. Nitrous oxide has been shown to increase CBF and brain
swelling, but we administered nitrous oxide to all patients; consequently, any nitrous
oxide induced changes in brain swelling should be reflected equally.
CONCLUSION
Finally, in patients who underwent craniotomy for supratentorial lesions, 1 MAC
desflurane–based anesthesia allowed for earlier postoperative cognitive recovery and
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Current Therapeutic Researchpostoperative neurologic examination compared with 1 MAC isoflurane–based anes-
thesia. We believe that 1 MAC desflurane administration should be decided after
judging the risks of higher MAP in patients undergoing supratentorial craniotomy.
REFERENCES
1. Petersen KD, Landsfeld U, Cold GE, et al. Intracranial pressure and cerebral hemodynamic in
patients with cerebral tumors: a randomized prospective study of patients subjected to
craniotomy in propofol-fentanyl, isoflurane-fentanyl, or sevoflurane-fentanyl anesthesia. Anes-
thesiology. 2003;98:329–336.
2. Coles JP, Leary TS, Monteiro JN, et al. Propofol anesthesia for craniotomy: a double blind
comparison of remifentanil, alfentanil, and fentanyl. J Neurosurg Anesthesiol. 2000;12:15–20.
3. Bruder N, Ravussin P. Recovery from anesthesia and postoperative extubation of neurosurgical
patients: A review. J Neurosurg Anesthesiol. 1999;11:282–293.
4. Talke P, Caldwell J, Dodsont B, Richardson A. Desflurane and isoflurane increase lumbar
cerebrospinal fluid pressure in normocapnic patients undergoing transsphenoidal hypophysec-
tomy. Anesthesiology. 1996;85:999–1004.
5. Ornstein E, Young WL, Fleicher LH, Ostapkovich N. Desflurane and isoflurane have similar
effects on cerebral blood flow in patients with intracranial mass lesions. Anesthesiology. 1993;
79:498–502.
6. Kaye A, Kucera IJ, Heavner J, et al. The comparative effects of desflurane and isoflurane on
lumbar cerebrospinal fluid pressure in patient undergoing craniotomy for supratentorial
tumors. Anesth Analg. 2004;98:1127–1132.
7. Gunduz M, Gunes Y, Ozcengiz D, et al. Anesthetic techniques for neurosurgery: Comparison
of desflurane-remifentanil and desflurane-fentanyl in patients undergoing surgery for intra-
cranial procedures. Neurosurg Q. 2004;14:204–208.
8. Magni G, Rosa IL, Savio A, Rosa G. A comparison between sevoflurane and desflurane
anesthesia in patients undergoing craniotomy for supratentorial intracranial surgery. Anesth
Analg. 2009;109: 567–571.
9. Bennett JA, Lingaraju N, Horrow JC, et al. Elderly patients recover more rapidly from
desflurane than from isoflurane anesthesia. J Clin Anesthesiol. 1992;4:378–381.
0. Todd MM, Warner SD, Sokoll MD, et al. A prospective, comparative trial of three anesthetics
for elective supratentorial craniotomy. Propofol/fentanyl, isoflurance/nitrous oxide, and fenta-
nyl/nitrous oxide. Anesthesiology. 1993;78:1005–1020.
1. Aldrete JA, Kroulik D. A postanestetic recovery score. Anesth Analg. 1970;49:924–934.
2. Sponheim S, Skraastad Ø, Helseth E, et al. Effects of 0.5 and 1 MAC isoflurane, sevoflurane
and desflurane on intracranial and cerebral perfusion pressures in children. Acta Anaesthesiol
Scand. 2003;47:932–938.
3. Bilotta F, Doronzio A, Cuzzone V, et al. Early postoperative cognitive recovery and gas
exchange patterns after balanced anesthesia with sevoflurane or desflurane in overweight and
obese patients undergoing craniotomy. J Neurosurg Anesthesiol. 2009;21:207–213.
4. Fraga M, Rama-Maceiras P, Rondino S, et al. The effects of isoflurane and desflurane on
intracranial pressure, cerebral perfusion pressure, and cerebral arteriovenous oxygen content
difference in normocapnic patients with supratentorial brain tumors. Anesthesiology. 2003;98:
1085–1090.
5. Strebel S, Lam AM, Matta B, et al. Dynamic and static cerebral autoregulation during
isoflurane, desflurane, and propofol anesthesia. Anesthesiology. 1995;83:66–76.
6. Bedforth NM, Girling KJ, Skinner HJ, Mahajan RP. Effect of desflurane on cerebral auto-
regulation. Br J Anaesthesiol. 2001;87:193–197.
58
22
2
K. Yildiz et al.17. Turner CR, Losasso TJ, Muzzi DA, Weglingski MR. Brain relaxation and cerebrospinal fluid
pressure during craniotomy for resection of supratentorial mass lesions. J Neurosurg Anesthesiol.
1996;8:126–132.
18. Muzzi DA, Losasso TJ, Dietz NM, et al. The effect of desflurane and isoflurane on cerebrospinal
fluid pressure in humans with supratentorial mass lesions. Anesthesiology. 1992;76:720–724.
19. Muzzi D, Daltner C, Lossaso T, et al. The effect of desflurane and isoflurane with N2O on
cerebrospinal fluid pressure in patients with supratentorial mass lesions (abstr.). Anesthesiology.
1991;75:A167.
0. Greene SA. Anesthesia for patients with neurologic disease. Top Companion Anim Med. 2010;
25:83–86.
1. Fàbregas N, Bruder N. Recovery and neurological evaluation. Best Pract Res Clin Anaesthesiol.
2007;21:431–447.
2. Contreras M, Cunningham AJ. Comment on “The comparative effects of desflurane and
isoflurane on lumbar cerebrospinal fluid pressure in patient undergoing craniotomy for
supratentorial tumors”. Surv Anesthesiol. 2005;49:12–13.
Address correspondence to: Cihangir Bicer, MD, Bahcelievler Mah,
Kinas Evleri, Mahur Konak No: 84/22, 38280 Talas, Kayseri, Turkey. E-mail:
cbicer33@yahoo.com.tr
59
